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RESEARCH  OBJECTIVES 


A.  RESEARCH  OBJECTIVES  OF  ENERGETIC  MATERIALS 

I.  Develop  a  reap  heating  technique  using  the  flash  dlffusivlty  apparatus. 

A.  Solve  the  heat  conduction  equation  with  a  ample  undergoing 
raap  heating  with  puae  heating  for  thernal  dlffusivlty. 

B.  Write  the  data  collection  and  analysis  software  for  raap 
heating. 

C.  Build  the  raap  heating  equlpaent. 

D.  Test  the  raap  heating  systen  using,  a  well  known  aaterlal  such 
as  stainless  steel  304. 

E.  Develop  a  method  for  holding  the  energetic  aaterlal  for  the 
raap  heating  using  laser  pulse  heating. 

F.  Investigate  the  best  way  to  measure  the  temperature  transient 
of  the  sample. 

G.  Measure  the  thermal  dlffusivlty  of  the  energetic  materials 
(AP,  HMX.  RDX)  to  as  high  e  temperature  as  possible. 

II.  Develop  a  high  speed  strip  heating  technique  for  measuring  the  thernal 
dlffusivlty  and  specific  heat  of  the  energetic  materials. 

A.  Solve  the  heat  conduction  equation  for  the  high  spped  strip 
heating  of  a  thin  layer  of  material  for  thermal  dlffusivlty  and 
specific  heat. 

B.  Write  the  data  collection  and  analysis  software  for  strip 
heating. 

C.  Build  the  hardware  for  the  strip  heating  apparatus. 

D.  Test  the  technique  with  a  well  known  material  such  as  Ludta. 

E.  Measure  the  thermal  dlffusivlty  of  AP.  HMX,  and  ROE. 

III.  Measure  the  specific  heat  of  the  energetic  materials. 

A.  Purchase  and  Install  a  flow  through  cover  for  the  DSC. 

B.  Modify  our  present  software  to  allow  corrections  for  decomposi¬ 
tion  of  the  sample. 

C.  Measure  the  specific  heat  of  AP.  HMX.  and  RDX  very  accurately 
up  to  dacoaposltlon. 

D.  Use  the  atrip  heating  method  to  mess 
the  dacoaposltlon  temperature. 


rare  the  specific  heat  past 
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B.  RESEARCH  OBJECTIVES  OF  CARBON/CARBON  MATERIALS 

The  objective  of  the  research  on  carbon/carbons  Is  to  investigate  the 
thermal  response  of  fiber-reinforced  materials  to  large  transient  heat  fluxes. 
In  particular,  the  validity  of  thermal  diffusivity  measurements  and  even  the 
usefulness  of  the  concept  of  thermal  diffusivity  in  such  situations  can  be 
questioned  legitimately.  Important  technical  applications  include  rocket 
nozzles  and  re-entry  nose  tips.  This  investigation  is  to  be  concentrated  on 
two  areas: 

A.  Determination  of  the  theraal  diffusivity  of  a  carbon/carbon  composite 
material  by  measuring  the  heat  conduction  of  ln-sltu  fibers  and  of 
matrix  material  separately. 

B.  Measurements  of  transient  temperature  response  in  the  orthogonal 
and  off-axis  directions  in  selected  carbon/carbons. 


STATUS  OF  THE  RESEARCH  EFFORT 

The  first  step  in  measuring  the  thermal  properties  of  AP.  HMX  and  RDX 
has  been  to  develop  a  method  to  measure  the  thermal  diffusivity  accurately  as 
a  function  of  temperature.  In  order  to  minimize  the  decomposition  of  the 
energetic  materials  during  the.  diffusivity  measurements,  procedures  to  collect 
the  diffusivity  data  rapidly  were  investigated.  One  approach  involves  heat¬ 
ing  the  sample  at  a  constant  rate  while  collecting  diffusivity  data  by  super¬ 
imposing  heat  pulses  on  the  sample's  front  surface.  The  heat  pulses  are 
generated  with  a  laser.  The  rear  face  temperature  rise  curve  would  be  an 
addition  of  the  ramp  temperature  and  the  temperature  rise  from  the  heat  pulse. 
It  was  therefore  necessary  to  remove  the  effects  of  the  ramp  heating  from  the 
temperature  rise  due  to  the  pulses. 

Ccmqmter  programs  have  been  written  to  collect  and  analyze  data  during 
ramp  heating.  The  separation  of  the  ramp  heating  curve  from  the  temperature 
rise  data  is  greatly  simplified  if  the  ramp  heating..is  linear.  Therefore,  a 
temperature  control  device  has  been  developed  to  heat  a  stainless  steel  tube 
furnace  at  a  very  constant  rate.  This  device  is  in  the  final  stages  of  testing. 

It  has  been  necessary  to  investigate  the  optical  properties  of  the 
energetic  materials  to  determine  the  best  way  to  pulse  heat  the  samples  and 
to  measure  the  temperature  response.  An  Infrared  laser  is  normally  used  for 


3 


pulse  heating  the  sample  and  an  Infrared  detector  is  used  for  transient  temp¬ 
erature  measurements.  The  materials  are  transparent  to  certain  infrared 
frequencies  requiring  the  use  of  a  special  sample  holder  for  measuring  the 
dlffuslvlty.  Sample  holders  have  been  developed  and  the  energetic  material 
Is  presently  being  pressed  into  these  holders. 

An  alternate  technique  for  measuring  the  thermal  dlffuslvlty  for  these 
materials  has  been  under  investigation.  This  method  uses  much  higher  heat¬ 
ing  and  data  collection  rates  that  the  ramp  heating.  It  is  anticipated  that 
the  higher  heating  rates  will  allow  the  sample  to  go  to  higher  temperatures 
before  decomposition  begins.  The  investigation  of  the  heat  conduction  equa¬ 
tion  for  a  thin  layer  of  sample  on  a  strip  heater  is  underway.  A  metallic 
strip  can  be  heated  very  rapidly  by  using  a  large  current  surge.  It  is  hoped 
that  the  heating  rates  will  approach  10  s  K*/sec. 

The  differential  scanning  calorimeter  has  been  modified  to  allow  the 
deconposltlon  products  from  the  energetic  material  to  escape  from  the  sample 
holder  area.  The  modifications  to  the  DSC  software  have  been  made  and  the 
specific  heat  of  AP  has  been  measured  from  room  temperature  to  500  °K.  Sev¬ 
eral  different  sample  masses,  ranging  from  5  mg  to  25  mg,  were  used,  as  well 
as  different  heating  rates,  from  2.5aK/minute  to  10*K/minute.  The  different 
heating  rates  were  used  to  determine  how  well  the  AP  absorbed  heat  from  the 
sample  holder.  It  was  found  that  there  was  no  significant  difference  in  heat 
transfer  to  the  AP  at  heating  rates  at  least  up  to  10*K/mlnute.  Figure  1  is 
a  plot  of  the  specific  heat  results,  the  measurements  made  by  Westrum  and  the 
JANNAF  Table  Data.  The  agreement  was  within  IX  up  to  500*K  where  AP  undergoes 
a  phase  change.  The  specific  heat  of  the  second  phase  and  the  heat  of  transi¬ 
tion  have  not  yet  been  determined. 

The  current  status  of  our  knowledge  of  thermal  dlffuslvlty  as  applied  to 
carbon/carbon  materials  1st 

I.  The  important  parameters  governing  the  dlffuslvlty  are: 

(1)  Magnitude  of  dlffuslvlty  of  fibers  and  of  matrix, 

(2)  fiber  fraction  ratio  in  direction  of  heat  flow, 

(3)  thickness  of  sample  in  relation  to  fiber  bundle  spacing, 

(4)  rear  face  temperature  a sapling  area  and  location. 
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What  has  been  learned: 

(1)  It  la  possible  to  neasure  diffusivity  values  which  correspond 
to  thermal  conductivity  values  by  using  a  sufficiently  thick 
sample  and  large  viewing  area.  The  saaple  thickness  required 
becomes  less  as  the  temperature  Is  Increased. 

(2)  It  is  possible  to  measure  in-aitu  diffusivity  values  of  fibers 
and  of  matrix  by  using  point  source  teaperature  sensors  and 
thin  samples. 

(3)  It  Is  possible  to  determine  the  effects  of  imperfections  such 
as  delaminations  on  the  thermal  diffusivity.  These  effects  are 
manifest  by  matrix  values  lower  than  those  for  regions  where  the 
defects  are  not  present  (point  source  detector  methods)  and  by 
an  increase  in  diffusivity  values  for  artifacts  measured  in  gas¬ 
eous  environments  as  opposed  to  vacuum. 

(4)  The  nature  of  off-axis  heat  flow  is  beginning  to  be  understood. 

The  preliminary  results  are  encouraging  but  are  not  completely 
internally  consistent.  The  use  of  off-axis  testing  may  be  the 
best  method  for  fully-characterizing  heat  flow  in  3-D  material. 

(5)  The  tools  to  determine  the  skin  depth  in  artifacts  subjected  to 
rapid  heating  have  been  developed.  Beyond  this  surface  layer 
the  material  may  be  treated  as  homogeneous  for  purposes  of  trans¬ 
ient  temperature  response.  For  continuous  heating  this  surface 
layer  thickness  is  of  the  order  of  a  yarn  bundle  spacing. 

(6)  Within  the  surface  layer  there  are  substantial  gradients  in  planes 
perpendicular  to  the  heat  flow  (parallel  to  the  surface).  These 
may  be  of  importance  in  ablation  but  are  not  neceasarlly  important 
in  bulk  heat  conduction. 

(7)  The  temperature  of  the  fiber  bundle  near  the  surface  is  less 
than  that  of  the  surrounding  matrix.  At  greater  depths  the 
difference  goes  through  zero  and  then  the  bundles  become  hotter 
than  the  surrounding  matrix. 
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